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In areas under different management conditions (management units, MUs) located either on a slope or at
the base of a slope and either in a plantation or in a pasture, we compared the ﬂower and fruit
production, ﬂoral visitors, visitation rates and pre-emergent reproductive success (PERS) of Spondias
tuberosa (Anacardiaceae) in an area of dry forest in NE Brazil. Individuals in the plantation MU produced
more ﬂowers per inﬂorescence than those in other MUs, but there were no statistical differences in mean
fruit set among MUs. The only difference in mean visitation rates was between the plantation
(65.83  38.49) and the slope sites (11.5  12.8). We observed visits by 19 insect species, including bees
(31.6%), butterﬂies (31.6%), wasps (26.3%) and ﬂies (10.5%). A clustering analysis based on the number of
visits showed that a) the plantation site is most different from the other MUs, b) the pasture and the site
at the base of the slope are similar to the slope site, and c) the higher frequency of visits of pollinators in
the plantation MU was responsible for these differences. Of the 19 species of insects visiting the ﬂowers,
12 were considered pollinators. The pollinator similarity analysis indicated a clear separation between
areas and suggested that human activity has resulted in the replacement of native pollinators by exotic
species. However, these changes apparently have not affected the pre-emergent reproductive success of
S. tuberosa. Our results show that plant reproductive biology in semi-arid ecosystems may be modiﬁed by
human action and that changes in ﬂoral production and pollinator guilds are the most conspicuous
effects. However, the traditional management performed by local people may not affect the reproductive
success of plant species.
 2010 Elsevier Ltd. Open access under the Elsevier OA license.1. Introduction
Humankind has caused many alterations to natural habitats
(Albuquerque, 1999; Casas et al., 1999; Pesci, 2004). Most anthro-
pogenic pressure on natural habitats is related to agriculture and
pasture establishment, for which various management strategies
are used (Sampaio, 2002). Management strategies vary from totally
destructive (and unfortunately broadly applied) methods, such as
complete deforestation (Salick, 1995), to management of native
vegetation (Moonen and Barberi, 2008). Deforestation causes
habitat fragmentation (Saunders et al., 1991; Aizen and Feinzinger,
1994a,b; Fischer and Lindenmayer, 2007), which is considered to be
one of the most severe threats to biodiversity conservation (Fischerax: þ55 81 3320 6360.
Almeida), upa@db.ufrpe.br,
@hotmail.com (C.C. Castro).
sevier OA license.and Lindenmayer, 2007). Habitat fragmentation may result in
important changes in both abiotic and biotic conditions (Saunders
et al., 1991; Cunningham, 2001) and in the alteration and/or
interruption of ecological processes, such as those related to plant
reproduction (Tabarelli et al., 2004; Lopes et al., 2009). The isolation
of individuals in the landscape constitutes a barrier to effective
pollination and seed dispersal (Aizen and Feinzinger, 1994a; Silva
and Tabarelli, 2000), affecting gene ﬂow and population genetics
(Couvet, 2001).
Plant reproductive features, such as pollination and sexual and
breeding systems, have been used to understand plant responses to
environmental changes. Most studies indicate that habitat trans-
formation has negative consequences for reproductive success in
both humid (Ghazoul and McLeish, 2001; Murren, 2002) and arid
(Aizen and Feinzinger, 1994a; Fuchs et al., 2003; Quesada et al.,
2004) ecosystems. On the other hand, some species apparently
present positive changes in their reproductive strategies after
habitat alteration, such as enhanced ﬂower production in both
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et al., 2004).
Although many studies have pointed out the negative impact of
anthropogenic actions upon biodiversity, only a few studies have
evaluated speciﬁc components of this impact, such as species
selection criteria, historic land use and patterns of land occupation
(Wyman et al., 2007). Closer study of these aspects will help us to
understand the inﬂuence of habitat fragmentation upon ecological
processes (Albuquerque,1999; Araújo et al., 2007). Examples of this
type of study include the work of Oaxaca-Villa et al. (2006), Arias-
Cóyotl et al. (2006), Casas et al. (1999) and Lira and Casas (1998)
concerning Cactaceae species that are used as a food source by
people in a semi-arid region in central Mexico. Although these
studies have revealed important aspects of changes in plant repro-
ductive biology after habitat alteration, more studies that relate
patterns of environmentmanagement to plant reproductive biology
in arid and semi-arid ecosystems are clearly needed.
The caatinga is a dry forest ecosystem exclusive to Brazil that
occupies an area of about 800,000 km2; in the northeastern part of
the country (Leal et al., 2003). The caatinga constitutes an excellent
natural laboratory for studies of humaneplant interactions (Araújo
et al., 2007). For centuries, human activities have changed the
environment of the caatinga. The most important human impacts
are related to agriculture, cattle breeding and the extraction of
woody products (Sampaio, 2002). These activities probably inﬂu-
ence plant reproduction, as has been recorded in other semi-arid
ecosystems of the world (Lira and Casas, 1998; Casas et al., 1999).
Spondias tuberosa (Anacardiaceae), locally called “umbuzeiro”, is
a tree species averaging about 6m tall (Santos,1997) that is endemic
to the caatinga (Giulietti et al., 2002). It is andromonoecious and
self-incompatible and has a generalist pollination system, polli-
nated mainly by bees and wasps (Machado and Lopes, 2004; Nadia
et al., 2007; Barreto, 2007). S. tuberosa produces ﬂowers and fruits
during the dry season (Nadia et al., 2007), when most plant species
remain in a completely deciduous state (Araújo et al., 2007). Thus,
the species represents an important resource for pollinators and
dispersers during the dry season. Moreover, the fruits represent an
income supplement for the local people, as they are used as food for
humans and cattle (Cavalcanti et al., 2000a; Lins Neto et al., 2010).
Thus, the species has great importance in ecological, social,
economic and cultural contexts (Barreto, 2007; Nadia et al., 2007;
Lins Neto et al., 2010).
Researchers have studied several aspects of S. tuberosa, such as its
genetics (Santos, 1997), physiology (Cavalcanti et al., 2001), conser-
vation and trade (Cavalcanti et al., 2000a, b), ethnoentomology
(Barreto, 2007) and reproductive biology (Leite, 2006; Barreto, 2007;
Nadia et al., 2007). However, no data have been previously published
on the inﬂuence of different types of management on the repro-
duction of S. tuberosa.
Theobjective of this study is to answer the followingquestion: can
human impacts (from an ethnobotanical point of view) on natural
semi-arid environments affect the reproduction of S. tuberosa? More
speciﬁcally, we investigate ﬂower and fruit production, ﬂoral visitor
guilds and the frequency of visits to ﬂowers as functions of different
management types in an area of caatinga vegetation in northeastern
Brazil.
2. Material and methods
2.1. Study area
The study was performed in the rural community of Carão,
located 16 km from the centre of Altinho municipality, Pernambuco
state (082902300S, 360303400W), with an altitude of 450 m
(CONDEPE/FIDEM, 2007). The climate is hot and semi-arid (BSh sensuKöppen)with an annualmean temperature of 23 C,marked climatic
seasonality, and caatinga vegetation (CONDEPE/FIDEM, 2007).
Signiﬁcant transformations in plant cover have occurred in the
region that is related to the type of land use (e.g., for pasture,
permanent and/or temporary plantations and extraction of woody
forest resources). Four functional units may be identiﬁed in the
landscape, characterized by distinct types of soil and/or of vegeta-
tion cover. In this study, these units are referred to as management
units (hereafter MUs). Individuals of S. tuberosa are found in all MUs
(Fig. 1). In MUs with plantations or pastures, people do not cut
individuals of this species, which remain isolated in the landscape.
The identiﬁcation of MUs is easy for both local people and scien-
tists. The areas chosen for this study were selected following
a community mapping activity conducted by Lins Neto et al. (2010).
The MUs are described as follows:
Slope e The “Serra do Letreiro” region is a moderately sloping
area (altitude of 690 m) adjacent to the Carão community that
presents caatinga vegetation (Lins Neto et al., 2010). Shrubs and
trees predominate, reaching 10 m in height and more than 50 cm
in diameter at soil level. Important tree species include Myr-
acrodruon urundeuva Fr. All. (Anacardiaceae), Schinopsis brasi-
liensis Engl. (Anacardiaceae) and Anadenanthera colubrina (Vell.)
Brenan (Mimosaceae); important shrubs include Caesalpinia pyr-
amidalis Tul. (Caesalpiniaceae) and Croton blanchetianus Baill.
(Euphorbiaceae). Parts of this area were deforested 60 years ago
and used for subsistence farming. However, local people informed
us that farming activities ceased several decades ago on the
steeper parts of the slope, where the caatinga vegetation has been
regenerating for 30e50 years. These areas are frequently used for
the extraction of forest resources, such as ﬁrewood, coal and
medicinal plants (Araújo et al., 2008; Alencar et al., 2009,2010;
Santos et al., 2009).
Base of slope e This is the transitional area between the slope
and the prairie regions that are used for farming and pastures. The
altitude varies from 460 to 520 m, and there are both level and
sloping regions within this MU. In addition to altitude, the physi-
ognomy and the apparently less-advanced degree of regeneration
are the main differences between this MU and the slope MU; this
regeneration has occurred within the last ten to ﬁfteen years. The
base-of-slope MU presents dry, shrubby vegetation about 3 m tall,
with some trees. The most frequent species is C. blanchetianus. The
vegetation of this MU is extracted for ﬁrewood (for domestic use)
and for the construction of small buildings.
Pasture e Located in prairie areas with altitudes from 440 to
460m, pasture areas present predominantly herbaceous vegetation
where cows and goats livestock are pastured. Natural vegetation
has been totally suppressed for about the past 30 years. People
frequently cut shrub and tree individuals that germinate, with the
exception of S. tuberosa and some Cactaceae species, which are used
as a food supply for cattle during the dry period (Santos et al.,
2009).
Plantation e Like pastures, plantations are located in the
prairie, but they are more frequently used for the cultivation of
corn, beans and Opuntia fícus-indica Mill (Cactaceae). Soil prepa-
ration occurs at the end of the dry season, when people cut and
burn woody and herbaceous elements (except for S. tuberosa and
Cactaceae species), and the soil is bare at the beginning of the wet
season.
Within each MU, we labeled 15 individuals of S. tuberosa. Each
individual was of similar size, had reached reproductive maturity,
and had a distance of less than 3 m between the soil and the crown
(to facilitate access to ﬂowers). In addition, each individual was
located at least 50 m from other labeled individuals to avoid
sampling clones because this species presents vegetative repro-
duction (see Araújo and Oliveira, 2008).
Fig. 1. Schematic topographic representation of the study area, showing the respective management units. Altitudinal scale is related to sea level. A: Map showing the location of
the Caatinga domain (gray) from Araújo et al. (2007).
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2.2.1. Flower and fruit production
Themean number of ﬂowers per inﬂorescencewas estimated by
counting buds and ﬂowers from 15 inﬂorescences of each of the 60
selected individuals (900 inﬂorescences total).
The mean number of fruits per inﬂorescence was estimated by
counting hermaphroditic ﬂowers from ﬁve pre-anthesis inﬂores-
cences in all labeled individuals and recording fruit set after 15 days
(300 inﬂorescences total; Barreto, 2007; Nadia et al., 2007). The
number of hermaphroditic ﬂowers per inﬂorescence was estimated
using the mean number of hermaphroditic ﬂowers obtained for
each MU. The pre-emergent reproductive success (PERS) was
calculated for each MU as the ratio between the number of fruits
and the estimated number of hermaphroditic ﬂowers per inﬂo-
rescence. This formula, adapted from Wiens et al. (1987), also
provided the seed/ovule ratio, which is 1:1 for S. tuberosa (Leite,
2006; Nadia et al., 2007).
2.2.2. Floral visitor guild
The frequency and behavior of ﬂoral visitors were observed
between October 2007 and March 2008 (thus including all ﬂow-
ering periods; Nadia et al., 2007). All data were collected under
similar weather and phenological conditions, following Nadia et al.
(2007). The focal observations were made in the lower parts of the
crown, in ten inﬂorescences of ﬁve individuals in each MU (200inﬂorescences total). The observations occurred between 5:00 h
and 17:00 h in sessions of 30 min in odd hours during one ﬁeld trip
and in even hours during the next trip. Thus, we performed
observations during the morning and evening in each MU, for
a total of 18 h of observation throughout the ﬂowering period (72 h
total).
During the pollinator visits, we recorded the provisional name
of the ﬂoral visitor (to facilitate ﬁeld work), the number of ﬂowers
visited and the pollinating behavior, such as contact with sexual
structures, kind of reward used and interactions with other visitors.
Depending on the frequency of visits and on behavior, ﬂoral visitors
were classiﬁed as effective pollinators (those that contacted sexual
structures and visited frequently), occasional pollinators (those
that contacted sexual structures but visited infrequently) and
robbers (those whose morphological and/or behavioral features
prevented contact with sexual structures).
Floral visitors were collected, identiﬁed by specialists and
deposited in the Laboratório de Biologia Reprodutiva de Angio-
spermas collection at theUniversidade Federal Rural de Pernambuco.
2.3. Data analysis
The mean number of ﬂowers per inﬂorescence was compared
among the four MUs using the non-parametric KruskaleWallis test.
Normality was veriﬁed using the ShapiroeWilk test (Zar, 1996)
with data transformed by a log n function. Differences between the
Table 1
Number of ﬂowers per inﬂorescence, sum of hermaphrodite ﬂowers and repro-
ductive success of Spondias tuberosa Arruda (Anacardiaceae) populations subjected
to different management regimes in an area of caatinga vegetation in Altinho, Per-
nambuco, Brazil. Values are shown as mean  standard deviation. Fl/inﬂ: mean
number of ﬂowers per inﬂorescence;
P
herm. ﬂowers: sum of hermaphroditic
ﬂowers; Mean fr/inﬂ: mean number of fruits per inﬂorescence; Fr/ﬂ: number of
fruits per inﬂorescence.
Fl/inﬂ
(n ¼ 900 inﬂ)
P
herm. ﬂowers
(n ¼ 15 inﬂ)
Mean fr/inﬂ
(n ¼ 15 inﬂ)
Fr/ﬂ
(n ¼ 15 inﬂ)
Slope 151.5  49.5 a 352.9  67.4 a 2.7  2.6 a 0.8  0.7 a
Base of Slope 137.8  34.3 a 294  69.2 b 1.4  1 a 0.5  0.3 a
Pasture 135.3  39.8 a 378.1  120 a 1.9  1.6 a 0.5  0.4 a
Plantation 175.7  39.5 b 350  84.7 a 1.4  1.3 a 0.4  0.41 a
Different letters within columns indicate signiﬁcant differences according to the
KruskaleWallis test. First column: H ¼ 9.68; GL ¼ 1; P ¼ 0.02; other columns:
H ¼ 7.73; GL ¼ 3; P ¼ 0.049).
Fig. 2. Mean number of ﬂoral visits per ﬁeld trip across the ﬂowering period in pop-
ulations of Spondias tuberosa Arruda (Anacardiaceae) subjected to different manage-
ment regimes in an area of caatinga vegetation in Altinho, Pernambuco, Brazil.
Table 2
Floral visitors observed in populations of Spondias tuberosa Arruda (Anacardiaceae)
subjected to different management regimes in an area of caatinga vegetation in
Altinho, Pernambuco, Brazil (MU ¼management unit; S ¼ slope, B ¼ base of slope,
Pa¼ pasture, Pl ¼ plantation; p ¼ pollen, n ¼ nectar; P ¼ pollinator, OP¼ occasional






1- Apis mellifera L. 1758 S,B,Pa,Pl p, n P
2- Centris (Trachina) fuscata
Lepeletier, 1841
Pa,Pl p, n P
3- Frieseomelita sp. Pa p, n P
4- Plebeia sp. B n R
5- Trigona sp. S,B,Pa,Pl p, n P





8- Polistes canadensis (L.1758) S,B,Pa,Pl n P
9-Polybia ignobilis(Halliday, 1836) S,B,Pa n P
10- Polybia platycephala Richards, 1978 B,Pa,Pl n P
11- Zethus mexicanus (L.) S,B,Pa,Pl n P
DIPTERA
12- Sarcophagidae S,B,Pa,Pl n P
13- Diptera 1 B,Pa n OP
LEPIDOPTERA
14- Lepidoptera 1 S n R
15- Lepidoptera 2 B n R
16- Lepidoptera 3 S n R
17- Lepidoptera 4 S,Pa,Pl n R
18- Lepidoptera 5 B n R
19- Lepidoptera 6 B n R
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chi-square test (Zar, 1996). We used the KruskaleWallis test (Zar,
1996) to test for signiﬁcant differences in the mean number of
visits per day and to verify whether the visitation rate of certain
species varied as a function of MU. The signiﬁcance threshold was
considered to be a probability of 5%.
The similarity of ﬂoral visitors between the MUs was tested
using a clustering analysis (UPGMA). We conducted this analysis
using species presence-absence data (with the Jaccard coefﬁcient)
(Valentin, 2000). All analyses except the similarity analysis (which
was performed using the MVSP program) were performed using
the program BioEstat version 4.0 (Ayres et al., 2003).
The experimental design did not allow the replication of
management units (MUs), becausewedid notﬁndmore areas under




Mean ﬂower production per inﬂorescence was higher in indi-
viduals from the plantation MU (175.7  39.5, mean  standard
deviation, H ¼ 9.68; G.L. ¼ 1, P ¼ 0.02) than from the other habitats
(pasture ¼ 135.3  39.8, base of slope ¼ 137.8  34.3 and
slope ¼ 151.5  49.5). The values for the other three MUs were
statistically similar (Table 1).
3.2. Fruits
We observed no signiﬁcant differences among the MUs in mean
number of fruits per inﬂorescence (H¼ 2.47, P¼ 0.47; Table 1). In all
MUs, the fruit/ﬂower ratio was very low: more than 50% of inﬂo-
rescences did not set fruits, and most inﬂorescences that did set
fruits produced only one (at least at the beginning of development).
The development of two fruits was observed in only 8% and 4% of
inﬂorescences in the slope and pasture MUs, respectively, and none
of the inﬂorescences in the base-of-slope and plantation MUs
developed two fruits. We found no signiﬁcant differences among
the MUs in PERS (H ¼ 3.29; P ¼ 0.34); the smallest value was
recorded in the plantation MU (0.4%) and the largest value was
recorded in the slope MU (0.77%).
3.3. Floral visitor and pollinator guilds
We recorded 772 visits to ﬂowers of S. tuberosa, distributed as
follows: 51.3% in the plantation MU, 21.7% in the pasture MU, 18% in
the base-of-slope MU and 9% in the slope MU. The only signiﬁcantdifference in mean number of visits per ﬁeld tree in each MU was
between the plantation (65.8  38.5) and the slope (11.5  12.8;
H ¼ 7.41, P ¼ 0.006) MUs.
Themeannumberof visits perﬁeld trip varied across theﬂowering
period in all MUs and was greater in the early monthsdespecially in
the slopeMU(Fig. 2). Thevisitationmeansweremorehomogeneously
distributed in the pasture MU.
Floral visitors were already active at 5:00 h and visited
throughout the day. Although most visits occurred during periods
of moderate temperatures, the timing of peak visitation differed
among MUs (slope and pasture: 6:00 he7:00 h; base of slope:
7:00 he8:00 h; plantation: 8:00 he9:00 h, Fig. 3). We observed no
visits at the slope site during the evening (Fig. 3).
A total of nineteen invertebrate morphospecies was recorded
during the study, (Table 2), including six bees (31.6%), six butterﬂies
(31.6%), ﬁve wasps (26.3%) and two ﬂies (10.5%). All ﬂoral visitors
collected nectar; the bees Apis mellifera, Centris (Trachina) fuscata,
Fig. 3. Percentage of visits during the observation period in populations of Spondias
tuberosa Arruda (Anacardiaceae) subjected to different management regimes in an
area of caatinga vegetation in Altinho, Pernambuco, Brazil.
Fig. 5. Percentage of ﬂoral visits by the main pollinators in populations of Spondias
tuberosa Arruda (Anacardiaceae) subjected to different management regimes in an
area of caatinga vegetation in Altinho, Pernambuco, Brazil.
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observed ten morphospecies in the slope and plantation MUs and
thirteen in the base-of-slope and pasture MUs; these values were
not statistically different (x2; ¼ 0.78, P ¼ 0.85).
In spite of the high number of species visiting S. tuberosa
ﬂowers, bees were responsible for more than 73.5% of visits, fol-
lowed by wasps (18.9%), ﬂies (4.1%) and butterﬂies (3.5%; Fig. 4).
The distribution of visitation frequencies of distinct insect groups
showed a similar pattern among all MUs (i.e., bee visits predomi-
nated) (Fig. 4). The bees A. mellifera and Trigona sp. and the wasp
Polistes canadensis L, 1758 made the greatest contribution to the
total number of visits and are considered the main pollinators of
the species (Fig. 5).
Many species (13) were observed in more than one MU; in these
cases, the MUs were contiguous (except for Lepidoptera unidenti-
ﬁed 4). Seven species (36%)were recorded in only oneMU; the base-
of-slopeMUhad the highest number of exclusive occurrences (21%).
A mellifera L., Trigona sp. and Apidae 1 were observed in all MUs.
During its visits, A. mellifera caused the abscission of several
ﬂowers, a behavior that was not observed for other visitors. The
relative contribution of A. mellifera to the total number of visits in
each MU was greater in the pasture and base-of-slope MUs (53.3%
and 48.9%, respectively) and lower in the slope and plantation MUs
(29% and 25.3%, respectively; Fig. 6). The frequency of Trigona sp.
was greater in the plantation and slope MUs (42% and 30.4%,
respectively) and lower in the pasture and base-of-slope MUs
(21% and 12.2%, respectively). Apidae 1 was considered to be anFig. 4. Percentage of ﬂoral visits by different insect groups bees A. mellifera and Trigona
sp. and the wasp Polistes canadensis, in populations of Spondias tuberosa Arruda
(Anacardiaceae), subjected to different management regimes in an area of caatinga
vegetation in Altinho, Pernambuco, Brazil.occasional pollinator because it was very small but eventually
contacted sexual structures. In contrast, the bee Plebeia sp. did not
contact sexual structures because of its small size and was
considered to be a robber.
Wasps were observed in all MUs but with greater frequency in
the pasture and plantation MUs. Because of their large size and
movement within the inﬂorescences, they acted as pollinators; it
was sometimes possible to see pollen grains attached to their
bodies, mainly on the mouthparts. Individuals of Polistes cana-
densis, one of the most common pollinators of S. tuberosa in the
study area, were observed in the plantation and slope MUs (17.7%
and 15.9%, respectively) and less frequently in the base-of-slope
and pasture MUs (6.5% and 6%, respectively) (Fig. 5).
The two Diptera morphospecies were considered to be polli-
nators because they contacted sexual structures when walking on
the inﬂorescence. Flies were observed more frequently in the
pasture MU (12.9%) and less frequently in the plantation MU (1%);
their visitation rate was similar in the slope and base-of-slope MUs
(4.3 and 4.2%, respectively).
Lepidoptera species were the main group of robbers of S.
tuberosa ﬂowers. They visited more frequently at the slope site
(10.1%) than in any other MU, with a low number of visits in the
pasture MU (1.8%). These insects spent long periods of time in each
ﬂower (about 1 min) and visited only a few (less than four) ﬂowers
in each inﬂorescence.
The overall similarity among MUs in relation to ﬂoral visitor
species was 48% (Jaccard coefﬁcient ¼ 0.489), but the pasture and
plantation MUs presented similarity values of up to 80% (Fig. 6a).
When robbers were excluded from the analysis, the similarity
between the most disturbed areas diminished, and another group
was formed joining the slope and base-of-slope MUs, showing 77%
similarity (Fig. 6b). When data were analyzed from robbers alone,
the pasture and plantation sites were identical (Jaccard
coefﬁcient ¼ 1), forming a group with the slope MU with 33%
similarity (Fig. 6c). These results show that the plantation and
pasture MUs present the same patterns of differentiation as a func-
tion of ﬂoral visitors (pollinators or robbers).
4. Discussion and conclusion
This study is, to the best of our knowledge, the ﬁrst to associate
local management practices with the reproductive biology of
species with economical and cultural importance in the semi-arid
region of Brazil; many studies concerning this topic have been
extensively developed in semi-arid ecosystems of Central America
(Casas et al., 1999; Arias-Cóyotl et al., 2006; Oaxaca-Villa et al.,
2006). In spite of the limitations due to the impossibility of repli-
cating the management units that were studied, some important
Fig. 6. Similarity among management units with respect to ﬂoral visitors in pop-
ulations of Spondias tuberosa Arruda (Anacardiaceae) subjected to different manage-
ment regimes in an area of caatinga vegetation in Altinho, Pernambuco, Brazil. a. All
visitors; b. All pollinators; c. Robbers (non-pollinating visitors).
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practices on species with economic importance in the semi-arid
region of Brazil.
The ﬂoral production recorded here is the same as that observed
by Nadia et al. (2007) in a study of the ﬂoral biology of S. tuberosa in
an area of caatinga with lower precipitation rates. However, our
observations of ﬂower production were lower than those recorded
by another study that compared reproductive performance in S.
tuberosa across different land uses in an area of caatinga and that
reported a larger standard deviation (205.16  180.31, Barreto,
2007). We observed greater ﬂower production in the most
managed areas, while Barreto (2007) found greater ﬂower produc-
tion in themost conserved areas. The apparent divergence between
these results indicates that more studies are needed that use an
appropriate experimental design. The problem is that the altered
areas in which we developed our studies are a result of traditionalpractices of local communities, and they are distinct from the frag-
mentation scenario that is frequently found inmany tropical forests.
The greater ﬂower production in the plantation MU may be inter-
preted as a response to abiotic conditions, such as higher levels of
luminosity and temperature. Similar results have been found by
several authors who have studied tree species in semi-arid regions
(Murren, 2002; Fuchs et al., 2003; Quesada et al., 2004). This more
conspicuous ﬂoral display may also be interpreted as a result of
artiﬁcial selection by people, who prefer individuals with more
ﬂowers, as reported by Casas et al. (1999), in semi-arid vegetation.
The greater ﬂower production in the plantationMUmayexplain the
higher visitation rate in this MU. Despite the high and variable
ﬂower production amongMUs, fruit set was low and homogeneous
among MUs. The low fruit set may be a consequence of the limiting
conditions of the caatinga, which has an extremely dry season
(Nadia et al., 2007), but it seems to be a commonphenomenonof the
Anacardiaceae family (Barreto, 2007). In contrast to what was
recorded here, Barreto (2007) observed a greater fruit set of S.
tuberosa in managed areas than in more conserved ones.
We may compare our ﬁndings with other studies, but we must
be careful because plant species grow in different management
scenarios. Pachira chinata (Jacq.) Alverson (Malvaceae), like S.
tuberosa, is self-incompatible and produces more ﬂowers in iso-
lated individuals in open habitats than in individuals belonging to
populations in continuous areas of dry forest; however, non-iso-
lated individuals produce more fruits (Fuchs et al., 2003). These
authors suggest that lower humidity levels may negatively inﬂu-
ence the fruit set of isolated individuals (Fuchs et al., 2003). Other
species, such as Shorea siamensis Miq. (Dipterocarpaceae) and
Anacardium excelsum Skeels (Anacardiaceae), show low reproduc-
tive success under various extraction regimes in a humid
ecosystem, mainly as a consequence of the isolation of individuals
and consequently high levels of pollination between genetically
close individuals (Ghazoul and McLeish, 2001). These data indicate
a need for more studies concerning the impact of habitat alteration
on the reproductive biology of plant species.
It is important to note, however, that the “natural experiment”
nature of this study does not allow us to separate the effects of
management from the inherent differences among the landscape
positions, such as climatic ones, that could affect tree reproduction
independently of local management. On the other hand, it is
necessary to take into account that 1) the areas used in this study
are very close one to another and 2) the local management prac-
tices may have produced or inﬂuenced different microclimates
between the management units. Lins Neto et al. (2010) observed
that mature fruits of S. tuberosa tend to present better “phenotypic
features” (which are desirable for human consumption).
The high frequency of bees in all MUs is related to the melito-
philous pollination syndrome of S. tuberosa (Barreto, 2007; Nadia
et al., 2007). However, the ﬂoral and inﬂorescence morphology
permits visits byabroaddiversityof insect taxa. Thegreater visitation
rates in the plantation MU, which were mainly by exotic or broadly
distributed pollinators, indicate that isolation of individuals appar-
ently does not represent a barrier to insect movement in the study
area. Although these bees tend to maintain their nests in less
managed areas in humid habitats (Samejima et al., 2004), they can
also forage in more open areas of dry habitats (Oaxaca-Villa et al.,
2006). Barreto (2007) conﬁrms our ﬁndings because she observed
a higher frequency of visits inmanaged areas than in conserved ones.
The high frequency of visits by the exotic bee A. mellifera and by
species of Trigona, which is known to interfere with the relation-
ships between plants and their native pollinators (Boiça Jr. et al.,
2004), seems to be beneﬁcial for S. tuberosad especially in indi-
viduals of the plantation and pasture MUs. However, it is important
to note that the behavior of A. mellifera, unlike that of native
A.L.S. Almeida et al. / Journal of Arid Environments 75 (2011) 330e337336visitors, can cause the premature abscission of ﬂowers. Other
studies have recorded pollination by A. mellifera in many fructif-
erous species in Brazil (Castro, 2006), including native caatinga
species such as Ziziphus joazeiro Mart. (Rhamnaceae) (Nadia et al.,
2007). An investigation of the inﬂuence of A. mellifera on native
pollinators of the caatinga would be of great interest.
In the pasture and plantation MUs, there were individuals of
Prosopis juliﬂora (SW.) DC. that are attractive to ﬂoral visitors,
especially A. mellifera and Trigona sp. Other species that shared
ﬂoral visitors with S. tuberosa included Jatropha mollissima (Pohl)
Baill. (Euphorbiaceae), Lantana camara L. (Verbenaceae), Cnidosco-
lus urens (L.) Arthur (Euphorbiaceae), Senegalia bahiensis (Benth.)
Seigler & Ebinger (Fabaceae-Mimosoideae), Mimosa tenuiﬂora
Benth. (Fabaceae-Mimosoideae), Chloroleucon extortum Barneby &
J.W. Grimes (Fabaceae-Mimosoideae), Caesalpinia ferrea Mart.
(Fabaceae-Caesalpinioideae) and Erythrina velutina Willd. (Faba-
ceae-Faboideae). The low frequency of visits during the third
month of ﬂowering may also be explained by the onset of ﬂowering
of other species in the community that was preferred by S. tuberosa
pollinators (pers. obs.), such as M. urundeuva, P. juliﬂora and M.
tenuiﬂora, whose intensity of ﬂowering was increased from January
and October. The similar frequency of visits between areas with
similar management conditions (i.e., plantation/pasture and slope/
base of slope) may indicate that these areas present similar features
that inﬂuence the access of ﬂoral visitors, such as abiotic conditions
and resource availability at the community level.
Some general conclusions may be drawn from our case study.
There are many indications that anthropogenic actions may affect S.
tuberosa reproduction, but ﬂower and fruit production appear to be
weakpredictors ofdifferentiationamong theMUs.On theotherhand,
the pollinator data improve our understanding of how the trees’
reproductive biology is affected by habitat alteration in the study
area. To obtain a greater comprehension of how and at what levels
this process occurs, however, it is necessary to investigate, for
example, geneﬂowamong individuals of differentMUs. This analysis
could compare the reproductive phenology among these areas and
compare nectar composition between S. tuberosa and other species
that bloom simultaneously, testing the inﬂuence of resource features
on visitation rates. Moreover, it is necessary to ﬁnd other areas that
can accommodate the requirements ofmore consistent experimental
designs inwhich true replications are used. However, in spite of this
limitation, our results allow us to afﬁrm that, in the study area, the
traditional management performed by local people does not affect
the reproductive success of S. tuberosa, in contrast to what was
recorded by other studies using slightly different approaches
(Barreto, 2007) that observed much higher fruit production in
managed areas.
Previous studies of reproductive biology in species subjected to
anthropogenic action on semi-arid ecosystems (Oaxaca-Villa et al.,
2006; Arias-Cóyotl et al., 2006); Casas et al., 1999; Lira and Casas,
1998) have focused on the impact of human action on the evolu-
tion and domestication of species with economic importance.
Although we investigated a woody, endemic species, the applica-
bility of ourstudy is broader because it indicates that the human
action on species may affect the landscape dynamics. Modiﬁcations
in the pollinator guild of one species indicate a new structure in
plantepollinator interaction within the community, and this indi-
cation has led us to consider landscape domestication. To the best of
our knowledge, there are no similar studies in other arid or semi-
arid environments.
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